Red currants (Ribes rubrum L.) were dried by vacuum drying on different drying temperatures (30, 40, 50, 60 and 70 °C) at constant pressure (20 mbar). The main goal of the research was to investigate changes of physical and chemical properties of red currants at different conditions of vacuum drying process. Moisture content, water activity, rehydration power, total color change, shear force and total monomeric anthocyanin compounds were used as the most suitable quality indicators of dried red currant. The lowest moisture content, total color change and the highest rehydration power were noticed in the red currant sample dried on 60 °C, 20 mbar, 16 h, while the lowest water activity, shear force and the highest content of total monomeric anthocyanins were observed in the sample dried on 40 °C, 20 mbar, 40 h. Five empirical models (Henderson-Pabis, modified Henderson-Pabis, simplified Fick's diffusion, Peleg's and two term) were used for description of vacuum drying process.
INTRODUCTION
Currants (Ribes) are grown all over the world in cooler climate areas, where they have moderately conditions in terms of growing (Mikulic-Petkovsek et al., 2014). Red currants (Ribes rubrum L.) are widely recognized for their nutritional quality and potential health benefit since they are rich sources of phytochemicals such as phenolics, anthocyanins, organic acids and vitamins (Djordjević et al., 2010) . These bioactive compounds contented in red currants possess antioxidant properties and ability of scavenging free radicals produced in the human body during life (Szymanowska et al., 2015) . Red currants could be consumed fresh, dried, frozen, or processed into jams, juices, jellies and other similar food products and food ingredients (Mattila et al., 2016) . Drying process, which considers water evaporation from the raw material, is widespread used method in the fruit-processing industry. Different drying techniques influence differently on chemical and biological reactions and fruit nutrients preservation during drying as well as on important quality properties of dried product (Djordjević et al., 2010) .
Fruit has been commonly dried by convective drying with the hot air. Nowadays, usage of vacuum during drying, showed significant advantages compared to convective drying. Vacuum drying presents a drying technique where moisture, initially contented in fresh fruit, could be evaporated at low temperatures due to vacuum application. This way, fruit preserves initial shape and heat-sensitive compounds are not significantly damaged (Barta et al., 2012) .
The main goal of this research was to investigate physical and chemical properties (moisture content, water activity, rehydration power, total color change and total monomeric anthocyanins content) of vacuum dried red currant samples. Vacuum drying was performed at constant pressure of 20 mbar for each of the drying conditions, which included temperature of 30, 40, 50, 60 and 70 °C and drying time 52, 40, 28, 16 and 4 h, respectively. Another goal of this research was application of five common empirical models for description of vacuum drying process.
MATERIALS AND METHODS

Sample preparation
Red currants (Ribes rubrum L.) were collected near the Kopaonik Mountain (Serbia). After purchase, samples were frozen and stored at -20 °C until drying, in order to insure the initial properties of raw samples and prevent potential deteriorative processes in the samples during the experiment.
Chemicals
All chemicals and reagents were of analytical reagent grade.
Drying procedure
Vacuum drying process was described in detail by Šumić et al. (2013) .
Experimental design
Six samples of red currants, one fresh and five vacuum dried samples obtained at different temperatures (30, 40, 50, 60 and 70 °C), were investigated in this research. Moisture content (MC), water activity (a w ) and total monomeric anthocyanins content (TMAC) were investigated in fresh red currant samples. Beside these analyses, rehydration power (RP), total color change (ΔE) and shear force (SF) were investigated in dried samples. Conditions of vacuum drying and obtained results for dried samples are presented in Table 2 .
Analyses
Description of performed analyses (moisture content, water activity, total color change, shear force (texture analysis) and total monomeric anthocyanin content) is shown in detail in Šumić et al. (2016) .
Statistical analysis
All experiments were performed in triplicate for statistical purpose. Results were presented as mean value. All the data were analyzed by univariate analysis of variance (ANOVA, p < 0.05) in order to differentiate the samples by using the Tukey's Multiple Comparison Test and an α = 0.05 criterion. Statistica 10.0 (StatSoft Inc., Tulsa, OK, USA) was used for the ANOVA.
Mathematical modelling
Mathematical modelling applied in this research is explained in detail in research by Tepić Horecki et al. (2018) . For mathematical modelling of experimental data, five commonly known empirical models given in Table 1 were applied. Non-linear least square regression was applied in order to determine model parameters and coefficients of correlation (R 2 ) by using Statistica 10.0 (StatSoft Inc., Tulsa, OK, USA). Additionally, average absolute relative deviation (AARD), root mean square error (RMSE) and reduced chi-square (χ2) were used for determination of fitting quality. These parameters were calculated according to equations presented in research by Tepić Horecki et al. (2018) . Calculated model parameters for each applied model were presented as mean value ± standard deviation (SD) and they are compared using Statistica 10.0 (StatSoft Inc., Tulsa, OK, USA).
RESULTS AND DISCUSSION
Physical and chemical properties
Moisture content
Fresh red currants possess high moisture content and thus their shelf-life is significantly limited. Accordingly, low moisture content in dried currants is desirable (Vakula et al., 2015). Sample of fresh red current possess moisture content of 85.2%, which is similar with the previous investigation of Vakula et al. (2015) where Table 1 .
Empirical models used for mathematical description of red currant vacuum dying process Model Equation Reference
Henderson-Pabis = • − Henderson and Pabis (1961)
Diamante and Munro (1991) 
Rehydration power
Rehydration power is very important characteristic, which contributes to higher quality of vacuum dried heat-sensitive products (Alibaş, 2012 
Total color change (ΔE)
The color of the product is a synonym for the quality, which makes it an important quality indicator of foodstuff, and it also plays a prominent role in final selection and consumption (Nieto-Sandoval et al., 1999). Red color of currants origins primarily from plant pigments called anthocyanins (Kopjar and Piližota, 2009 ). These pigments are very unstable and the one of the main goals during the drying process is also to protect the destruction of these compounds and on that way to preserve the initial color of the product. Total color change (ΔE) in dried red currant samples was in range between 17.73 and 23.48 (Table 2) , with no significant differences between analyzed samples (p < 0.05).
Shear force
Firmness is also very important characterristic of dried products that may be disrupted due to application of high temperatures during drying process. As in the case of ΔE, this also influence negatively on consumers acceptability. Regarding this, it is desirable that dried red currants are not too fragile and firm. Shear forces (SF) ( 
CONCLUSIONS
Based on the results obtained for the physical and chemical parameters of dried red currants it could be concluded that the moisture content in all dried red currant samples varied between 9.68 and 15.35%, water activity between 0.341 and 0.404, rehydration power between 43.75 and 53.75%, total color change between 17.73 and 23.48, shear force between 398.5 and 1331.9 g, and total monomeric anthocyanins content between 76.48 and 103.85 mg CGE/100g DW. The lowest moisture content (9.68%), the lowest total color change (17.73) and the highest rehydration power (53.75%) were noticed in sample 4 (60 °C, 20 mbar, 16 h), while the lowest water activity (0.341), the lowest shear force (398.5 g) and the highest content of total monomeric anthocyanins content (103.85 mg CGE/100g DW) were obtained in sample 2 (40 °C, 20 mbar, 40 h). After comparison of physical and chemical properties and drying conditions of these two dried red currant samples, it could be concluded that sample 4 (60 °C, 20 mbar, 16 h) was the best in terms of quality indicators and economics of the process taking into account the significantly shorter drying time (16 h) compared to drying time of sample 2 (40 h). Thus, the conditions of drying the sample 4, i.e. 60 °C, 20 mbar, 16 h could be taken as optimal in terms of red currant vacuum drying investigated in this paper. The highest mean value of R 2 (0.9685) and the lowest mean value of RMSE (3.5251) was noticed for two term model. For this reason it was concluded that the two term model was selected as the most suitable for representing the red currant vacuum drying.
